Isomeric triterpenic acids of oleanolic acid (OA) and ursolic acid (UA) both have very low ultraviolet absorption and always exist in the same plant, so the separation and simultaneous determination of them have been a difficult task. In this study, a sensitive method combining dispersive liquid-liquid microextraction (DLLME) with HPLC-UV was developed for the extraction and determination of OA and UA in traditional Chinese medicinal herbs (CMHs). Variables influencing DLLME such as type and volume of extraction solvent, volume of dispersive solvent, ionic strength, aqueous phase pH, extraction time, centrifugation speed and time, and sample volume were investigated and optimized. Under the optimum conditions, both OA and UA attained favorable extraction efficiencies with enrichment factors 1378 and 933, respectively. The linear dynamic ranges of 0.07 -30.4 μg·mL -1 for OA and 0.08 -33.6 μg·mL -1 for UA were obtained with square correlation coefficients of 0.9963. The detection limits of OA and UA were both 0.02 μg·mL -1 . The method recoveries ranged between 88.2% -116.2% for OA and 85.7% -108.2% for UA with the RSDs (n = 5) lower than 8.6%. The proposed method was successfully applied to concentrate and simultaneously determine these two triterpenic acids in Hedyotis diffusa and Eriobotrya japonica samples.
Introduction
Oleanolic acid (OA) and ursolic acid (UA) are isomeric triterpenic acids with only one methyl's position difference between them (Figure 1) . They exist abundantly in the plant kingdom and always simultaneously exist in the same plant. Based on the closeness of their chemical structures, both components usually exert similar therapeutics and biological effects. They are well known for their hepatoprotective effects against both acute chemically induced liver injury and chronic liver fibrosis and cirrhosis [1] . Moreover, a variety of novel pharmacological effects produced by these triterpenoids have been reported, such as antioxidant [2, 3] , anti-inflammatory [4, 5] , antitumour [6, 7] , anti-HIV [8] , antimicrobial [9, 10] , gastroprotective [11] and the antiobese potential [12, 13] . Given their occurrence at low levels in many herbal medicines and very low UV absorptions, the determination of OA and UA has attracted increasing attentions in research of traditional Chinese medicinal herbs (CMHs).
At present, the separation and determination of the two components in plants are usually performed by using chromatographic method, such as Micellar Electrokinetic Capillary Chromatography (MECC) [14] , Capillary Zone Electophoresis (CZE) [15] , direct HPLC-UV detection [16] and HPLC-DAD [17] , pre-column derivatization HPLC (pre-CD-HPLC) [18] and Iodine Derivatization then High Performance Thin-Layer Chromatography (ID-HPTLC) [19] . However, these determination approaches suffer from some demerits either low sensitivity, poor precision or harsh derived reaction conditions. Thus, it is required that a simple and effective sample-preparation protocol should be designed to extract and preconcentrate then directly determine these two triterpenic acids from CMHs.
Dispersive liquid-liquid microextraction (DLLME), as a procedure of samples preparation inside "Green Chemistry" because of the small volumes of dissolvent employed [20] , has attracted much attention in the recent years. DLLME is based on a ternary component solvent system including disperser solvent, extraction solvent and aqueous sample containing interest analytes [21] . This new sample-preparation technique, that set extraction, purification and concentration of the target analytes in one step, has the following characteristics: simplicity of operation; high enrichment factor; low organic solvent consumption (generally a few to dozens of microliters); low labor cost and cheap equipment. Besides, it can achieve selective extraction and reduce matrix interfereence through the adjustment of solvent extraction of polarity or acidity and alkalinity [21] . Owing to above unique advantages, DLLME has been applied to the analyses of polycyclic aromatic hydrocarbons [22] , organophosphorus pesticides [23] , herbicides [24] , cadmium [25] and cobalt [20, 26] in water samples, cholesterol [27] , amitraz [28] and cobalt [20] in food samples, psychotropic drugs [29] , emodin and its metabolites [30] in urine samples. But so far, the method has been rarely applied in the extraction and concentration of active components in complex CMH samples [31] , and there is no report that DLLME was used in determination of OA and UA.
In the present work, a DLLME prior to direct HPLC-UV method was proposed for simultaneous extraction and determination of trace amounts of OA and UA in Hedyotis diffusa and Eriobotrya japonica samples. All variables affecting the enrichment were investigated and optimized. Under the optimum conditions, the advantages and disadvantages of the developed method and those of other methods for the extraction and determination of OA and UA were compared. It is found that DLLME coupled with HPLC is a simple, fast, sensitive, efficient and green method for the simultaneous analysis of OA and UA in CMH samples. 
Experimental

Preparation of Standard Solution and Real Samples
The mixture of stock solution of OA (0.20 mg·mL -1 ) and UA (0.26 mg·mL -1 ) was prepared in methanol and stored at 4˚C. 2 mL of stock solution was diluted to 5 mL with methanol as working solution before used.
CMHs of Hedyotis diffusa and Eriobotrya japonica were purchased from a local pharmacy (Taiyuan, China) and pulverized. 0.5 g of dry powder were accurately weighed and dissolved with 20 mL methanol, respectively. The obtained solutions were put in the ultrasonic bath for 40 min, and then filtered off the precipitate. The filtrates were diluted with methanol up to a volume of 50 mL. The solutions were stored around 4˚C for use.
Instrumentation
Chromatographic analysis was carried out on Agilent 1200 HPLC system equipped with two G1181A pumps, a G1186A thermostat and a VWD UV-detector (Agilent Technologies, California, USA). The chromatographic separation of the analytes was carried out on a Zorbax Eclipse XDB-C18 column (250 mm × 4.6 mm, 5 μm particle size). The mobile phase consisted of 13% water containing 0.2% phosphoric acid for adjusting to a suitable pH and 87% methanol. The flow-rate of 0.8 mL·min -1 was used in isocratic elution mode. The column was kept at 25˚C with detection wavelength at 210 nm. The total chromatographic run time was 32 min.
A centrifuge model 0406-1 (Shanghai, China) was used to accelerate the separation of sediment phase. 
Dispersive Liquid-Liquid Microextraction Procedure
Peak area
Volume of CHCl 3 (μL)
Into the 5.0 mL aqueous solution (acidified with 0.1 M HCl) containing the target analytes (100 μL working solution) and 10% (w/v) sodium chloride (NaCl), 300 μL of methanol (dispersive solvent) and 70 μL of chloroform (extraction solvent) were rapidly injected. Immediately, a cloudy solution was formed in the conical tube and then the mixture was gently hand-shaken for 30 s. The cloudy solution was kept at rest for 2 min until the distribution of analytes in both aqueous solution and extraction solvent reached equilibrium. In order to separate the extractant phase from the aqueous phase better, the above mixture was centrifuged for 4 min at 1500 rpm. After this process, the dispersed fine droplets of CHCl 3 were deposited as sediment on the bottom of the test tube. The 30 μL of aggregation phase was withdrawn and transferred into a 2 mL small beaker, then evaporated to dryness in water bath. The residue was dissolved in 50 μL of HPLC-grade methanol and 20 μL was injected into HPLC system. All the experiments were performed in triplicate.
Results and Discussion
3.1. Optimization of the DLLME Procedure
Type and Volume of the Extraction Solvent
The selection of a suitable extraction solvent is critical for the DLLME process. In the DLLME, the extraction solvent should have following characteristics: 1) higher density than that of water, 2) low solubility in water, 3) the ability to extract interest analytes, and 4) good chromatographic behavior. In other words, the solvent peak should have no interference with the analyte peaks under the selected HPLC conditions. Based on these requirements, five organic solvent candidates, including C 6 H 5 Cl, CCl 4 , CH 2 Cl 2 , ClCH 2 CH 2 Cl and CHCl 3 were investigated. The average peak areas (in triplicate) and the standard deviation for the different extraction solvents were tested. The results revealed that the peak areas obtained for the analytes using CHCl 3 were higher than those with other solvents. In the case of CH 2 Cl 2 as extraction solvent, the sedimented phase was hardly formed. Therefore, CHCl 3 was selected as the extraction solvent for the study. The volume of extraction solvent usually has great influence on the extraction efficiency in DLLME. In this test, different volumes of CHCl 3 (50, 60, 70, 80 and 90 μL) were evaluated. CHCl 3 continued to increase, the peak areas of both analytes decreased slightly. So, 70 μL was chosen as optimum extraction solvent volume for further experiments.
Effect of Disperser Solvent Volume
The disperser solvent must be miscible with both the extraction solvent and aqueous sample in order to form a distinct cloudy solution. Methanol is one of commonly used dispersants and was used for the solvent of stock solutions in the study, so we chose methanol as disperser solvent. The different volumes of methanol (0, 100, 200, 300, 400 and 500 μL) was tested. The results demonstrated that peak areas of OA and UA improved with the increasing of methanol volume up to 300 μL, and then the peak areas no longer had changes almost. Therefore, 300 μL of methanol was selected as the optimal disperser solvent volume for the subsequent experiments.
Effect of Sample pH
The pH value of sample solution determines the existing forms of the analytes (as ions or neutral molecules) because of the dissociation equilibrium, which could affect extraction efficiency. In this step, the effect of sample pH was evaluated within the pH range of 1 -7 by adding equal volume (0.5 mL) of various concentrations of hydrochloric acid (1, 10 -1 , 10 -2 , 10 -3 , 10 -4 , 10 -5 and 10 -6 M) to aqueous samples. It can be observed from Figure 3 that the peak areas of OA and UA were significantly enhanced when pH was changed from 1 to 2. However, the peak areas had significant drop on increasing pH value in the range of pH 2 -7. This may be due to the fact that the analytes existed most in ionic forms in aqueous solution with higher pH values. Hence, pH 2 was selected as the optimum sample pH. 
Effect of Ionic Strength
The influence of the ionic strength of the solution was evaluated by adding NaCl amounts from 0 to 20% (w/v) into the sample solution. The results (see Figure 4) showed that the ionic strength had an obvious effect on extraction efficiency. When salt concentration was below 10%, peak areas increased with the increasing of the salt concentration. However, higher than 10% of salt amount, peak areas greatly reduced. Maximum peak areas were obtained when 10% of salt was added. So, 10% of NaCl was used to the following experiments.
Effect of Extraction Time
In the DLLME, the extraction time is referred to as the time interval between injection the mixture of disperser solvent and extraction solvent and the start of centrifugation. Therefore, we examined the effect of hand-shaking time (5, 15, 25, 35 and 45 s) and resting time from 0 min to 4 min with fixed other experimental conditions. The results showed that the analytes had the best enrichments when the hand-shaking was performed for 50 times (about 25 s) before resting 2 min.
Effect of Centrifugation Speed and Time
Centrifugation is essential to separate extraction solvent from aqueous solution in DLLME, because centrifugation speed and time may affect the volume of settled phase. The effect of the centrifugation speed and time on the extraction efficiencies of these two triterpenic acids was examined from 500 to 3500 rpm and from 2 to 6 min. The experimental results showed that the best performance was obtained at 1500 rpm for 4 min.
Effect of Volume of Sample Phase
The volume of sample phase has a great influence on the extraction efficiency of the analytes. In this study, different volumes of sample phase (2, 4, 5, 6 and 8 mL) were investigated. Results indicated that the peak areas of OA and UA increased with increasing of sample phase volume up to 5 mL, then decreased remarkably with the volume of sample phase from 5 to 8 mL. Finally, 5 mL of the sample phase was chosen for the study.
Analytical Performance
Linearity and Limits of Detection
The method of DLLME coupled with HPLC for the determination of OA and UA was evaluated under the optimized conditions. The 7-point calibration curves were observed linear over the range of 0.07 -30.4 μg·mL -1 for OA and 0.08 -33.6 μg·mL -1 for UA, respectively. The regression equations between the peak area (y) and concentration (c) and square correlation coefficients (r 2 ) were got as follows:
The limits of detection (LODs, at the signal to noise ratio of 3) were found to be both 0.02 μg·mL -1 . The limits of quantitation (LOQs, at the signal to noise ratio of 10) were 0.07 μg·mL -1 for OA and 0.08 μg·mL -1 for UA, respectively.
Table 1. Results of intra-day and inter-day precision test of analytes (n = 3).
Intra-Day Precision
Inter-Day Precision samples according to DLLME procedures in Section 2.4. In the study, the samples were analyzed at 0, 3, 6, 9, 12, 18 and 24 h, respectively. It was found that the peak areas of the two target analytes remained unchanged (RSD < 8.5%). It means that the samples were in stability within 24 h.
Recoveries
Accuracy was assessed by investigating the recoveries of the target analytes in Hedyotis diffusa and Eriobotrya japonica samples spiked with OA and UA (five replicates for each sample), respectively. The resulted recoveries were shown in Table 2 . The average recoveries of the both target analytes indicated that the method had a good accuracy.
Calibration of Enrichment Factor
In order to evaluate the performance of the proposed method, Enrichment Factor (EF) was applied and calculated by following equation. 
Comparison of DLLME-HPLC with Other Analysis Method
As listed in Table 4 , comparing to the other analysis methods encompassing chromatographic separation techniques [14] [15] [16] [17] [18] [19] for the determination of OA and UA, the proposed method attained a higher sensitivities (see slopes of regression equation in Table 4 ) and better linear dynamic ranges, for which major reason is that the DLLME-based work involves high enrichment factors for the OA and UA. HPLC-DAD [17] obtained higher sensitivities but with poor LODs and linear ranges. Though the lower LODs were obtained by derivatization-HPLC [18] and ID-HPTLC [19] , the derived reaction conditions were relatively strict and not easy to control.
where C sed and C 0 were the concentration of analyte in sedimented phase and the initial concentration of analyte in sample solution, respectively. Based on the equation, the average EFs of OA and UA were 1378 and 933, respectively.
Application
To investigate the applicability of the developed method to real samples, OA and UA in Hedyotis diffusa and Eriobotrya japonica were concentrated and assayed by DLLME-HPLC, and the analytical results were listed in Table 3 . The chromatograms in Figure 5 showed that the target analytes had excellent enrichment after the process of DLLME.
Conclusion
In the present study, an original and simple method for the separation and determination of closely related isomeric triterpenic acid was presented. Under the optimum conditions, both OA and UA attained favorable extraction efficiencies, high enrichment factor, wide linear range, and low detection limit. Furthermore, the method successfully applied to simultaneous quantification of both triterpenes acids in Hedyotis diffusa and Eriobotrya japonica. Comparing to the other analysis methods, DLLME-HPLC is a feasible technique used for the separation, enrichment and determination of trace analytes in complex CMH samples.
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